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THe FORMATUN CF HYDR4JLN: BY THE ACTICH OF

Y «RADIATIGH ON OOLID AlD SINUID AldONIA

Yu., A, Sorokin and S, Ys. Pshezbstskiy

As is known, & chenge in the state of a substance is noticeadly unanifested
in s nuniaor of cases during rediochemicel rcactions. The differences between
the ges phase and the liquid phase ere well-known, but the differences between
the liquid and sclid pheses ere less known, However, it is difficult to compare
the aveilable, limited date for the processes in these phases, for example,
for radiol,sis of hydrocerbons, because these investigations have been carried
out for the most pert et different temperatures. Therefore, the effects observed
could be associated both with the differences in the pioperties of the liquid
and s80lid phases and with the difference in the rates of these or other stages
due to temperature differences,

Bvidently the effect of the state on the occurrence of rediochemical processes
is interesting to investigete first of all et a amall tempsrature difference.

It is also important that the reactions ere not complex and that the observadle
effects cen be correlated with a change in the conditions far particular primary
or secondary elementary processes., The formation of hydrez ne on irrsdiation of

ammonie is such & resction,

"
We investigsted the formatiion of hy.rezine in 1liquid and sclid ssmcnia
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exposed to ';(-ruuuo:? Owrbedn gau sre given W
frem-the-point-of-sieu—of the characteristics of s effect of the stete of the
process, ~ '

Amponia was 1::“1“0‘ in quartz ampules with a co"(’(-rdintqn source with
" an sctivity of 2 * 10% curie. The rsdiatioce tn;gnnity varied between 25 and 790
r/sec. The magnitude of the absordbed energy wes determined by a ferrous sulfeste
dosimster, The rsdiation ,ericd wes fram 1C to 104 minmutes.

After irrsdistion ammonia was removed by evaporstion. Hydreszine was determined
by the photocalorimetric method in & sclution of p-diutlvlmtnobomhbﬂwdo
hydrochloride, The accuracy of determining the hydrezine by this method wes of
the order of 107} »g/ml.

The depcndence of hydrezine yield on the tempersture is shown in Fig. 1.

The hydrezine yield jucrer.es with & drop in temperature in the liquid
pbase. However, the hydrazine yield falls on passing through the sclidification
point of smmonia (- (8%);in the solid phase the yield is sualler spproximately
by one araer of wagnitude than in the ligquid phase. Therefore, the trausition
fram the liquid to the s0lid stete leads to & jumplike cksnge in the hydrazine
yield. The temperature dependence of the hydrazins yield in the liquid phese
corresponds to an activation energy of )-4 kcal/mcle.

The observed phase effect cad be explained by the change in conditions for
the formetion of NH, redicels.

Apperently the main rcactions leading to the formetion of hydrazine sre the
following:

NH; 4+ H
NH -+ H,.

2. NHg "}' NH,-—* NgH‘.

J.. .\'H,:{

’o NH ":' NH; hnd N’H‘.

The concentration of M!z raiicals depends on the reverse rccomtination of

hydrogen etoms with "their® th redicals, Tbe moving sway of & hydrogen atom
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from "ita* Nuz redical i- essier in the liquid than in the s0lid phase. This
appsrently is ons of the reascns for the more efficient formation of hydrsa ne
in tbhe liquid pbase.

. If such an explanstion is valid, then sny hydrogen secceptor should incresse
the hydx-au.m yield. The scticn of the acceptor in the 8ciid phase should de
atronger than in the liquid phsse, since in the liquid phase, owing Lo the eesior
*removal® of the hydrogen atoms as compared with the solid phase, the capture of
hydrogen atoms by the scceptor should hove a smaller effect on the yield,

We carried ocut the experiasents .ith propylene &3 the scceptor of hydrogen
atous, The results of the experiments are shown in Figs, 2 and 3, In order to
sliminate the effect of pos-ible distortions of the solid lattice of ammouia by
the molecules of the acceptor, experiments were carried out sinultancously with
the vudition of yuentities of propane, which is not a hydrogen acceptor. We
see in Fig. 2 that the yield of hydrazine increases in solid awusonia with an
increasing amount of propylens.

Thus the phase effect apparentl, »rimarily lies in the fact that the condi-

tions for recombiuation of H atoms and I\H,‘ are chenged. However, the obs.rved

effects are probably not due cntirely to this cause. .
Q2 & ‘ p;n[

; e Y &

22 o6,

[ Q' ® o. aw

o9 °

< g 8

'-.‘ "0 8 ‘ '“;

o2 E T N R Ly

Y
P

T T B mol %
Fig. 2. bnergy yield of hydrezine vs.
mol. % of addition in s0iid pnase.
Intensity 2(0 r/sec., Irrasdistion time
a.) intemsity 1.2 ° 1046 ev/g ¢ sec; 4 br. Tempsraturs — 80°; a.) Propylens;
b.) propane

Fig. 1. bbpergy yield of hydi.zine
vs. temperature. Irradietion time 4

b.) intensity 4.l ° 10t° ev/g * sec,
bvidentl, the differsnce in the recombination conditions of the N32 radicals

with the formation of hydrezine (es well as for the resction of the Nﬁ) molecules)

sbould also be of ifuportance, The conditicns in the liquid phase are spparently
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more favoruble not only for the forustion of NH, rsdicals, but alsc for their
'utanctxon, since the mobility of these redicals is essential ror their recom-
binstion. Such mobility is absent ibn the solid state. 4As certain dats show, in
the s0l1id phase proper there is slmost no recombinaticn of the MH, radicals snd
even more 80, alum.st no reaction of NH radicals with NH,. It is necessary to note
that & lower temperature also does not pi'dmoto these reactions. This follows
frcm a comperison between the Lumber o{ radicals determined by the electron
paramagnstic resonsnce method in solid ammonium and the amount of hydﬁziu

which was formed (Table 1).

TARLS )
Absorbed eusrgy, Number of particles | Euergy yield G,
ev/g per 1 g MH3 particlea/ilC eov
Formation of rsdicals 0,37-0,39. 10 0,530, 59. 1010 ot
Foruation cf hydrazipe 0,35-408 0,14 g0 0018

As the data show, the yield of aydrezine corresponds in order of magnitude
to the amount of frozen raiicals., This shows that at lesst under these conditiocns
there is virtually no recction in the solid phase, Apparently it proceeds during
thawing of the irredisted sasples when the perticles scquire a certain mobility.

The negative temperature dependence of hydrazine fo:mation in liqQuid ammonis
can G.pend on verious reesons, One of them could be the decomposition of hydrezine,
Since with small concentrations of it the absorption of radistion by the hydrazize
molecules proper is negligidle in comperison with the absorption by aumoLia,
the decomposition of hydrazine should occur mainly as a result of the interuction
with the intermediate products of the radiolysis of ammonis, for example with the
Ny or MNH radicels. Such resctions heve & temperature coefficient dus to the

activation energy of the resction of the redicals .ith the hohi, molecules and,
conaequently, the reactions «ill be accclerated by a temperature rise, which will

1sad to a decrvese in the hydrazine conteans.

FTD-TT-62-8,8/1¢2¢4 4o
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;.‘:: ! * . = o2 Fig. 3 Dcpendence of the sacigy
22 . low g f *d yield of hydrazine on the mol., ¥ of the
w3 o . addition in the liquid phase. Redistion
- : , inteasity 200 r/sec. Irrediation time
°3 T 1 DR ABr, L)tmeT00 2)t= — 350 ..
..':i sddition ' s.) Propylens; b.) ‘propane

An examinstion sbows that a combination of hydrazins-formsticn reactiocns
(for example, reaction 2) with such .ydrazine-decomposition reactions lesds to
& ncnlinear Gependence of the hydrazine concentration on the energy dose, and with

sufficiently large energy doses the lvzli4 concentration should acquire a -'tudy

value 83 & result of an equslization of its formation end decomposition rates.
However, the experimentel dependences (see Fig. 4) shows that devistions from

lipearity are still uot observed in the range of the i.vestigated doses.

Fig. 4. Dependence of the hydrszine
yield on the absorbed emergy of ¥ - radi-
stion. 1) liquid smmouis, ¢ = —~ T5Y;

a.) radistion intensity 1.17 o 1016 ev/g*

sec: bL,) radietion intemsity 4.1 * 1046
ev/g * sec; & snd b, exposure is veried;
¢.) constent exposure, intensity is waried,

2.) solid aumonie, t = = 1969; 4.)

— radietion iutensity 1.17 » 1016 ev/g »

¢ 0 02 03 0 05 O§ev/y o sec 5¢; 4 end e, the exposure is veried.
. .

Anotber pos.ible cause for the nogetive tempersture dependence can be dus

Concentration of I k4

to the accelerated diffusion of u52 radicals from the tracks as the teaperature
increases aud thus the probability of recombination with the formetion of NZB4
decreases, sSuch mech.nism corresp.nds to the value of the negative effective
activation snergy of the order of «= >-4 kecal/wole,

Yield values of sitout O.c molecules per 100 ev agree in order of megnitude
wvith the value previocusly determined by one of us snd by Ye. V. Eol'shun and
I. A. Mysnikov /1/ upon irrsdistiob of liquid ammonia by fast electrons (abous

FTD-TT-6.-838/1+2¢4 5=



0.7 molecules per 100 ev),

1. Xo, Y. Bol'siun, $. Ye, Pegezhetakiy, snd I, A, Mvasnlkov, Collectioms
The Effect of Ionizing Rediation on Inorganic and Orgamie ayuon, Lzdatel ‘styo
A oooR, pe 184, 1958
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